). Studies were made in four groups of sheep prepared with the lung lymph fistulas. Group I were normal animals in which pulmonary lymph flow (Qlym) was increased by inflation of a Foley balloon catheter in the left atrium. Group 11 were control animals that were embolized with plain glass beads (mean t SE, 0.46 & 0.04 g/kg) to raise pulmonary arterial pressure (Ppa) threefold above base line. Group III were defibrinogenated with ancrod (0.70 NIH U kg-' *day-') for 3 days, and then the pulmonary vascular bed was embolized with the same dose of beads as group II. Group IV were also defibrinogenated but received enough beads (0.78 t 0.07 g/kg) to raise the Ppa to the same level (3-fold) as group 11. The Qlym increased without a change in the lymph-toplasma protein concentration ratio (L/P) after embolization in groups II, III, and IV, whereas the increase in Qlym in group 1 was associated with a decrease in L/P. Therefore, defibrinogenation did not prevent the glass bead microembolizationinduced increase in lung vascular permeability.
Group 111 had smaller increases in Ppa than both groups II and IV following embolization.
The extravascular lung water/g lung wt was less in group III compared with the control value, but the value in group IV was not different from control. It is concluded that defibrinogenation does not prevent the increase in permeability following embolization with glass beads; however, defibrinogenation prevents pulmonary edema if the same number of glass beads are injected as in control group. The protective effect may be due to a smaller increase in the pulmonary microvascular pressure in the defibrinogenated animals.
pulmonary lymph flow; coagulation; ancrod; fibrinogen; PVR; precapillary constriction; extravascular lung water; vascular permeability .
FIBRIK ENTRAPMENT in the pulmonary microcirculation has been implicated in mediating the increase in pulmonary extravascular lung water following microembolization (11, 15), but its role is controversial (1) . Our data in dogs indicated that fibrinogen depletion prevented the accumulation of extravascular water content in the lung after glass bead microembolization (7), suggesting the involvement of fibrin. Because only the extravascular lung water content was measured (7), the basis for the protective effect was not apparent. It was concluded that it "was due to inhibition of the increase in lung vascular permeability or to a time-dependent reduction in pulmonary microvascular pressure" (7). In the present study, we reexamined the question in sheep in which we collected pulmonary lymph to assess the basis of the previously observed protective effect in dogs. Because Binder et al. (1) have found that defibrinogenation in sheep did not prevent the increase in lung vascular permeability after microembolization induced by siliconized glass beads, in this study we also wished to confirm this observation using nonsiliconized beads. We have used nonsiliconized beads in dogs (7) because they cause secondary thrombosis after pulmonary microembolization (7,9) and thus may be of value in examining the role of coagulation factors in the pathogenesis of pulmonary edema.
METHODS
Sheep were anesthetized with thiopental sodium (20 mg/kg) and were maintained with nitrous oxide supplemented with 1% halothane. The animals were intubated and paralyzed with pancuronium bromide (0.04 mg/kg). The respirator rate and tidal volume were adjusted at the start of the experiment so that arterial POT, Pco~, and pH were in the normal range. The ventilation was held constant during the experiment. Large-bore catheters (10-F) were placed in the femoral artery and the jugular vein. A Swan-Ganz thermodilution catheter (7-F) was positioned in the pulmonary artery via a femoral vein.
The pulmonary arterial @pa) and pulmonary arterial wedge pressures (Ppw) were monitored using a Statham P23Db transducer. Pulmonary blood flow (QL) was determined in triplicate using the thermodilution technique (Edwards Laboratory 9520 cardiac output computer). Pulmonarv vascular resistance (PVR) was calculated as (PP a -Ppw)/QL.
We cannulated the efferent duct of the caudal mediastinal node as described previously (10,16). The procedure involved ligation of the midportion of the caudal mediastinal lymph node to enable collection of the lymph from its efferent duct. The pulmonary origin of lymph from this preparation has been tested previously by others and us (10, 17). The lymph and blood samples were collected every 30 min for determination of lymph flow (Qlym), lymph protein concentration (L), and plasma protein concentration (P). The protein concentratian of the lymph and plasma were measured using the biuret method (AutoAnalyzer, Technicon Instruments). Pulmonary transvascular lymph protein clearance was calculated by L/P x Qlym. The steady state was defined as at least three consecutive Qlym values that did not differ by more than 0.25 ml/h. Studies were made in four groups. Group I (n = 10). These were normal sheep (body wt 25.0 t 1.2 kg) that h d a a o ey balloon catheter (12-F) F 1 sutured into the left atrium via the left atria1 appendage (13). After a base-line steady state the catheter was inflated to increase left atria1 pressure by lo-15 Torr from base line. The purpose of left atria1 hypertension was to increase the pulmonary microvascular pressure. The data in groups II, III, and IV were compared with the data from group I.
Group II (n = 6). These were control sheep (body wt 25.6 t 1.3 kg) receiving glass bead microemboli.
Measurements were made every 15 min until a base-line steady state was attained, after which a sufficient number of nonsiliconized glass beads (200 pm diam) were injected to raise the Ppa to about threefold the base-line value. The beads (0.46 t 0.04 g/kg body wt) were injected via the jugular vein, so that proper mixing in the right ventricle was assured. Measurements were made until a postembolic steady state was reached, usually within 2 h after embolization.
Group III (n = 5). These sheep (body wt 25.3 t 0.8 kg) were defibrinogenated by treatment with ancrod. The animals received ancrod at a dose of 0.70 NIH Ukg-' l day-' for 3 days. Defibrinogenation was verified prior to the experiment by the inability of the blood to clot. The dosage of beads in group III was matched to that in group II.
Group IV (n = 4). These sheep (body wt 23.3 t 0.7 kg) were defibrinogenated as sheep in group III, but these animals received a higher dose of beads (0.78 t 0.07 g/ kg) to raise Ppa to levels comparable with the control group, i.e., threefold increase from the base line.
Arterial blood samples were taken at base line (just before embolization), at 5 min postembolization (PE), and then at 30-min intervals for determination of leukocyte (2), platelet (2)) and fibrinogen levels (15). The extravascular lung water content-to-bloodless dry lung weight ratio was determined by the method of Pearce et al. (14) after rehydration of the dried inflated lung (6, 7). Unpaired data were analyzed using the one-way analysis of variance, and significance of changes from base line was assessed using two-way analysis of variance. Significance was accepted at P < 0.05. Figure 1 shows QL, Ppa, Ppw, and PVR for groups II, III, and IV. did not change in any group PE, although there were decreasing trends in both defibrinogenated groups (Fig.  1) . Ppa increased in all the groups after embolization, but the values in group III following embolization were less than the values in the control group throughout the study (Fig. 1) . PVR also increased in all groups after microembolization but to a higher value at 5 min PE in groups II and IV than in group III. Moreover, there were steady increases in the PVR in both defibrinogenated groups (groups III and IV) after embolization such that the PVR values in both groups at 120 min PE were greater (P < 0.05) than the 5 min PE values (Fig. 1) . At 120 min PE, the PVR in group IV was also greater (P < 0.05) than the control value, but PVR values in groups II and III at 120 min PE were the same (Fig. 1) . The changes in aortic pressure in the three groups after glass bead embolization are indicated in Table 1 pressure decreased significantly only in the defibrinogenated embolized groups. Figure 2 shows the changes of white blood cell and platelet counts and fibrinogenation concentration following embolization. The fibrinogen concentration decreased following embolization in the control group. The fibrinogen concentrations in ancrod-treated groups III and IV were significantly lower than the control values throughout the experimental period (Fig. 2) . The base-line platelet count in group IVwas greater than the value in group I& however, platelet levels decreased significantly and remained low throughout the study following embolization in all groups. There were no significant differences in the base-line leukocyte counts among groups II, III, and IV. The leukocyte count did not change significantly from base line following embolization in any group, although there was a trend for the leukocyte levels to decrease in all groups. Table 2 shows absolute and experimental-baseline data for groups I, II, III, and IV, Fig. 3 , A and B, shows the time course of changes in Qlym, lymph-to-plasma protein concentration ratio (L/P), and transvascular protein clearance (CL) after glass bead microembolization. Qlym increased and L/P did not change significantly from base line after embolization in all groups (Fig. 3, A and B, and Table 1 ). The increases in CL were also comparable in all groups following embolization (Fig. 3, A and B, and Table  2 ). There was, however, a trend for the Qlym and CL to be lower in group III than in group II, although the magnitude of the increases from base line were not dif- ferent (Fig. 3A) . The steady-state increases in Qlym, L/P, and CL from base line in the defibrinogenated groups III and IV after embolization were not significantly different from the increases in control sheep (group II) ( Table 1 ). In contrast, left atria1 hypertension induced by inflation of a left atria1 balloon (group I) produced an increase in Qlym and an associated decrease in L/P (Table 2 ). Figure 4 shows the wet-dry weight ratios for groups II, III, and IV and for normal lungs plotted against the Ppa value obtained just before the pneumonectomy. The Ppa value at time of death was related to the wet-dry weight ratio. In the untreated-embolized group (group II) the wet-dry weight ratio (4.97 t 0.27 ml/g) was significantly greater than our normal value (3.24 t 0.20 ml/g) (group I). The wet-dry weight ratio in group III (3.82 t 0.15 ml/g) was significantly less than the untreated-embolized value in group II even though the steady-state increases in PVR, Qlym, and CL were similar. The wet-dry weight ratio in group IV (4.34 t 0.19 ml/g) was not significantly different from the value in group II.
RESULTS

DISCUSSION
In our previous study, we demonstrated that defibrinogenation prevented the increase in extravascular lung water content after glass bead embolization in dogs (7). However, these studies were based solely on the measurement of the lung wet-dry weight ratios, which did not provide an assessment of vascular permeability. The finding in the present study, that pulmonary lymph flow (Qlym) and transvascular protein clearance (CL) increased after glass bead microembolization in defibrinogenated sheep to the same extent as in control sheep, indicates that defibrinogenation does not prevent the increase in vascular permeability to proteins following glass bead embolization. The changes in Qlym and CL in the defibrinogenated groups cannot be explained by recruitment of additional vessels, since well over 50% of the pulmonary vascular bed was embolized as evident by the 250-450% increase in PVR immediately' after infusion of the microemboli (Fig. 1) ; thus the increases in Qlym and CL despite the massive reduction in vascular surface can only be explained by increased pulmonary endothelial permeability. These-results agree with the study of Binder et al. (1) not modify the in which increase ancrod pretreatment also did in transvascular protein flow following -embolization with siliconized glass beads. Therefore, the protective effect of defibrinogenation on extravascular lung water content cannot be explained by the inhibition permeability.
of the increase in pulmonary vascular
We noted that there was a gradual rise in PVR in both defibrinogenated groups after glass bead microembolization in contrast to rapid increases in maximum levels occurring in control animals. This is in accord with our previous data in defibrinogenated dogs (7). The steady increases in PVR after embolization in defibrinogenated animals may be due to several mechanisms. One possibility is that there is an inhibition of the release of a vasodilator substance, such as prostacyclin, which is normally released by the endothelium after intravascular thrombosis (4) but cannot be released in defibrinogenated groups because of the absence of intravascular thrombosis. Thus a decrease in production of a pulmonary vasodilator in the defibrinogenated animals may cause the steady increase in resistance. The release of 899 such a vasodilator substance after pulmonary microembolism would be similar to the release of vasodilator prostaglandins that occurs after endotoxin (4) and hypoxia (5) and that modulates pulmonary vasomotor tone after these insults. The second possibility is that there is a steady release of a pulmonary vasoconstrictor substance, such as thromboxane AZ, after microembolization in the defibrinogenated animals that does not occur in untreated animals. Because platelet aggregation may have occurred, as evident from the decrease in platelet counts after embolization (Fig. 2) , thromboxane AZ may be released after platelet activation (4). The final possibility is that the increase in PVR after embolization is the result of a reduction in vascular surface area due to a decrease in pulmonary blood flow in the defibrinogenated groups. This is suggested by the decreasing trend in pulmonary blood flow in these groups and by the significant decreases in mean aortic pressure.
In the present study, we observed less edema in defibrinogenated sheep than in control sheep when lungs were embolized by the same number of glass beads; furthermore we noted a relationship between the steadystate pulmonary arterial pressure and the degree of extravascular water accumulation after microembolization (Fig. 4) . Although this study agrees with our previous data in dogs insofar as fibrinogen depletion reduced the degree of pulmonary edema after microembolization (7), the results indicate the protective effect is not due to an inhibition of the increase in permeability. Because there was a smaller increase in pulmonary arterial pressure, the protective effect of defibrinogenation after injection of the same number of beads as in the control group may have been due to a smaller increase in pulmonary microvascular hydrostatic pressure (Pmv). A lung in which endothelial permeability to proteins is increased is especially sensitive to a change in Pmv (US), which depends on the magnitude of pre-and postcapillary resistances and pulmonary blood flow. We can only speculate about the basis of the smaller increase in Pmv in the defibrinogenated groups. It may be due to an increase in the precapillary-to-postcapillary resistance ratio and to a decrease in pulmonary blood flow; both of these ideas are tenable because PVR increased steadily only in the defibrinogenated groups and there was an associated decrease in pulmonary blood flow.
In our previous study (7), we noted that defibrinogenation prevented pulmonary edema induced by embolization with nonsiliconized beads in dogs. However, Binder et al. (1) did not observe such an effect after pulmonary microembolization of sheep lungs with siliconized beads. In the present study, there was a protective effect of defibrinogenation when the same number of glass beads were injected in the defibrinogenated group as in the control group. The differences with Binder's study (1) may be related to the different types of glass bead microemboli and the fact that the increase in pulmonary arterial pressure in the defibrinogenated group (group III) was much less after embolization in the control group. Binder et al. (l) , on the other hand, matched the pulmonary arterial pressures in control and defibrinogenated groups as in our group IV, which could account for their lack of protective effect. The increase in permeability after glass bead microembolization does not require fibrinogen, but the involvement of other factors, in particular granulocytes, appears to be important. Flick et al. (3) and Johnson and Malik (6,8) found that granulocytopenia prevented the increase in CL (3, 8) and pulmonary edema (6) following glass bead embolization in sheep and dogs. The present study does not rule out clotting factors, in addition to granulocytes, as contributing to the increase in permeability. The fibrinolytic pathway, which has been implicated in the pathogenesis of lung vascular injury after microembolization (12), can be activated directly by glass beads via the activation of Hageman factor (9). Leukotactic complement peptides in defibrinogenated animals can be generated independently of intravascular coagulation (9). Therefore, the fibrinolytic system and leukocytes may still mediate lung vascular injury after glass bead embolization even in the defibrinogenated animal. There was no relationship between increase in Qlym after embolization and the increase in extravascular lung water content. The lungs were the most edematous in the control embolized group, yet the increase in Qlym from base line in this group was the same as in the defibrinogenated groups after embolization. This may be related to fluid accumulation in alveoli and in spaces
